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POREWORD 

The tendernett of meet Itemt prepared fron dehydrated material It 
determined largely by the quality and treatment of the meat before 
dehydration. To inture that dehydrated neat Intended for military 
feeding it of requitite high quality, nethodt for telecting ttatwing 
naterialt and for controlling procetting are required. No auch tettt 
for tendernett currently exitt. 

The work covered in thit report, performed by BJorktten Retearch 
Laboratorlet, Inc. under Contract No. DA19-129-AMC-2102(N) (Septenber 
1962 - Septenber 1963) repretentt a conpariton of two mechanical methods 
for measuring tendernett of both raw and cooked beef with panel acoret 
of tenderness on the cooked samples. An attempt to relate differencet 
in tendernett to differencet in composition and in mineral content it 
alao reported. The invettigator wet Fred A. Andrewt. Hit collaborator 
wet Chatter E. Underwood. 
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ABSTRACT 

Longissimus dor si muscles from 32 beef carcasses were analyzed 
for tenderness using the Warner-Bratzler shear test,  a new rotating knife 
tenderometer,   and an organoleptic panel.    In addition,   18 mineral   . 
adenosine triphosphate,  and proximate analyses were made. 

The rotating knife tenderometer and the Warner-Bratzler shear 
test were found to correlate well with the sensory panel (r=+0. 57,   -0. 66). 

Iron content of the tissues was also found to correlate with the 
sensory panel (r = -0.48),   but at a lower significance level than either the 
tenderometer or shear methods. 
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INTRODUCTION 

From the time man first tested his roast by spearpoint he has tried 
numerous methods for determining organoleptic qualities of meat      Taste, 
aroma,  juiciness,  tenderness and often appearance are involved in organo- 
leptic evaluation.    Extensive research has been conducted to correlate the 
physical,  chemical and histological properties of meat to tenderness and 
other organoleptic factors.    Because of individual differences in the 
subjective judging of tenderness,  a continuing search for objective methods 
has been made to find a precise and reproducible method for gauging 
texture . 

Most of the mechanical methods thus far developed have involved 
the measurement of the forces required to shear or penetrate a piece 
of meat of a certain cross section.    Of these devices,  the Warner-Bratzler 
shear apparatus has been the mos», widely used.    For cooked samples,   the 
Warner-Bratzler shear values correlate satisfactorily with organoleptic 
test values.    As yet,   no satisfactory method has been perfected which,  by 
assay on raw meat,   can predetermine tenderness in the cooked product. 
None of the various systems of grading cattle predicts with any certainty 
the tenderness of the processed meat.    The need for a method to make 
such a prediction is evident. 

The application of freeze-drying techniques to the preservation 
and storage of raw and cooked meats,  with higher costs of processing 
and longer shelf life,  make it doubly desirable that the quality of the 
end product be assured. 

According to Sperring et al. (1) a satisfactory tenderometer 
should meet the following requirements:    "(a) it should measure the 
tenderness of a small sample of raw or cooked meat,  (b) it should give 
results quickly and be easy to operate,   (c) it should give reasonably 
accurate results on a sample small enough for biopsy."   In addition 
to these,  we would add two more requirements:   (d) the instrument 
should be pcrtable,   and (•) it should not be influenced by environmental 
factors,  i.e.,  temperature,   current drop,  etc. 

In recent years this Laboratory,   in cooperation with the Feed 
Service Corporation of Crete,  Nebraska,   has studied the tenderness 
problem frcm the  standpoint of developing an instrument which embodies 
the requirements set forth above.    Preliminary data obtained with this 
instrument,  the Morea Tenderometer,   indicated that it could be used 
on raw beef to give good correlation with panel scores on cooked 
samples. 

1.    Sperring,   D.   D. ,   Platt, 
155,   1959. 

W.  T.,  and Hiner,   R.   L. ,   Food Technol.    13, 
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The ultimate purpose of this program was to find an objective 
method for measuring the texture of raw meat,  with the view to 
predicting the tenderness in dehydrated steaks.    To accomplish this 
goal,   study of the Morea Tenderometer and various chemical 
constituents of Longissimus dorsi (ribeye) and Biceps femoris (round) 
muscles were made against the Warner-Bratzler shear test and an 
organoleptic panel,  the acVrowledged standards in the field. 

EXPERIMENTAL 

A.     Materials and Methods 

1.    Carcasses Used 

Beef samples were obtained from Mr.  Kermit Larson of Oscar 
Mayer and Co. ,   Madison,   Wisconsin,    Grading was done by a 
representative of the Meat Grading Branch,   Livestock Division of the 
Agricultural Marketing Service.    Carcasses representing Low U.S. 
Choice (A maturity),  U.S.  Good (B maturity),  and U.S.   Standard 
(C maturity) weighing approximately 575-600 pounds were selected. 

Data obtained from the first set of samples indicated too great 
a similarity in texture between Choice and Good grades.    In order to 
obtain a slightly greater gap in grade.   Low Choice ribeyes were 
compared with U.S.   Standard ribeyes rather than U.S.  Good previously 
used.    The last group of samples also included a section of the Biceps 
femoris muscle from the same carcass as the U.S.  Choice ribeye. 
This muscle was not subjected to an organoleptic evaluation since the 
difference in texture would be too obvious. 

Muscles tested were dissected from the carcass three days 
after slaughter and stored at 350C until objective and subjective 
testing was done on the fourth day post mortem. 

2.    Subjective Tests 

The whole L.  dorsi muscles,  from both the right and left sides 
of each animal were dissected and used in this program.    The paired 
muscles from each carcass were cut in half (at approximately the sixth 
rib) and the anterior half of each was used for organoleptic evaluation. 
The posterior halves were used for objective measurements. 

The organoleptic studies were conducted by the Wisconsin 
Alumni Research Foundation under the direction of Dr.   J.   Birdsall. 

A complete description of cooking and panel procedures was 
given in the First Quarterly Report dated 15 March 1963 of this contract 

DA 19-129-AMC-2102(N) 



3.    Objective Tests 

The detailed procedures employed in the Warner-Bratzler 
• shear,   Morea Tenderometer    phosphate (ATP) and spectrographic 

technique for 18 elements were also described in the First Q-^rterly 
Report. 

B.    Results and Discussion 

An attempt was made to select beef from production which 
would give relatively small but significant differences in texture.     In 
the initial phase of the program comparisons were drawn between Low 
Choice and Good carcasses in order to hold as closely as possible to a 
narrow age range among the tw :> groups of animals.    Unfortunately,   it 
was found that Choice and Good were not significantly different in 
textural characteristics in three out of four tests,   and as a consequence 
it was necessary to widen the gap in grades to be tested. 

When comparisons were made between Low Choice and Standard 
grade carcasses,   a greater spread in data was seen for all procedures, 
but the differences were still not large.    Although twelve Choice ribeyes 
were compared with an equal number of Standard ribeyes,   the organo- 
leptic panel scores were significantly different in only five tests.    Since 
all 32 of the carcasses used in this study were picked at random,  and 
were selected on the basis of hot weight,  age and degree of marbling, it 
is remarkable that grade and tenderness were so poorly correlated. 
There is no doubt that current grading methods are deficient in this 

, area of beef quality,   since nearly all cuts of meat from the three grades 
used were of uniformly high quality. 

Using the Warner-Bratzler shear and the organoleptic panel as 
base lines for tenderness,  an attempt has been made to determine the 
following: 

1. The ability of a new portable instrument,   the Morea 
Tenderometer,   to predict tenderness on raw meat,   and 

2. To determine the role of minerals in tenderness. 

In principle,  the Morea Tenderometer is an attempt to quantitate 
one of the first subjective measures of tenderness which an individual 
makes in eating beef; namely,   the ease with which the meat is cut by a 
dull knife.    In this instance a rotating dull knife is used to penetrate 
either raw or cooked boel and the data is recorded as a summation of 
cuts in a set number of revolutions.    It is felt that the method is a 
summation measure of penetration,   maximal extensibility and shear 
through muscle bundles and connective tissue I, 

DA 19-129-AMC-2102(N) 
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The instrument is built in such a way that the depth of blade 
penetration per set number of revolutions may be read from either 
a kymograph tracing (area measurement expressed in square centi- 
meters) or automatically with an electrometer integrating device. 
In the tests reported here,  area measurements were used and 
therefore the data is transcribed in square centimeters. 

Based on previous experience with this instrument,   it was 
felt that the Morea Tenderometer would give a measurement on ru,w 
beef which would correlate well with panel scores,  and also peraaps 
v/ith the W-B shear. 

Table 1 of the Appendix provides a statistical summary of the 
data amassed on 24 of the test samples (2C5 through 3C16).    In this 
analysis of the data the organoleptic is represented by "y" and each 
of the other methods as an "x" function.    The raw data from which 
this analysis was made is given in the Appendix,   Tables 3-5. 

The correlation coefficient (r) for the W-B shear method 
using cooked samples was found to be -0. o6,   significant at the  1% 
level.    A similar  r value has been reported by others (2, 3),   so it 
is felt that the techniques used in the study are essentially sound. 

The correlation coefficient for the Morea Tenderometer using 
raw meat was found to be +0.43,   significant at the 5% level.    This was 
not as high as was expected,  but could probably be improved upon with 
a larger number of samples.    The correlation coefficient of the 
Tenderometer when used on cooked meat was +0. 57,   significant at the 
1% level,  a value quite comparable to that of the W-B shear. 

Correlation analysis was also run between the Warner- 
Bratzler shear for cooked meat and the Morea Tenderometer on 
raw meat.    In this case a correlation coefficient of -0. 54 was found 
which is significant at the   1% level. 

In one group of seven carcasses (Samples 3C10-3C16,   Table 3), 
Biceps femoris was obtained from the choice animuls in addition to the 
L,   dorsi muscles.    The B.  femoris was tested by shear and Tenderometer 
methods using both raw and cooked muscles.    A comparison of the means 
was made in order to determine spread in the data and to determine the 
effect which cocking has on the values obtained by each method.    The data 
given in Table 2 of the Appendix shew the marked similarity of the methods 
in their response to cooking.    The data do not show,  however,   that the 
shear test was unable to predict tenderness in two of the seven samples 
(Table 3,   Samples 3C14,   3C15),  while the Tenderometer did do so. 

2. Doty,   D.   M. ,   and Pierce,   J.   C. :    Technical Bulletin #1231, 
Agricultural Marketing Service,   U.S.D.A.,   July 1961. 

3. Bratzler.   L.   J.  and Smith,   H.   D. :   J.   Food Sei.  28,   99,   1963 
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Correlations involving specific minerals were run as shown 
in Table  1 .    Since time did not permit an analysis of each of the  18 
elements listed in Table 5 of the Appendix,   five elements were 
selected by inspection of the data and by their potential physiological 
function in the myofibril.    Manganese,  for example,   was chosen for 
enzyme activator properties,   as well as for its polyfunctionality 
(potential cross-linker).    Iron was chosen to give an indication of a 
spec:tic protein,  myoglobin,  as a determinant of tenderness.    Zinc 
was selected because of its reported influence on muscle hydration (4), 
which in turn could bear on tenderness parameters.    Magnesium-to- 
calcium ratios were determined and subjected to correlation analysis 
since both elements act as enzyme activators and antagonists. 
Physiologically,  calcium is known to cause muscle tetany,  while 
magnesium is involved in electronarcosis.    Correlation coefficients 
for the elements are also given in Table  1,  where it can be seen that 
only iron appears to relate to tenderness (r=-0.48),   significant at the 
5% level. 

No attempt was made to correlate tenderness with either 
adenosine triphosphate or inorganic phosphate values which are 
given in Table 4 of the Appendix.    It can be seen by inspection of 
the data that the individual values vary widely with no tendency to 
form a straight line pattern when plotted on graph paper.    The same 
observation was made on plots of sodium,   potassium,   and potassium/ 
magnesium/calciunn ratios; no observable correlation was found to 
exist. 

Although it is possible that certain of the elements listed in 
Table 5 could relate to tenderness,  time did not permit an examination 
of those elements which would reflect the type of feed or geographic 
area from which the cattle were obtained. 

On the basis of work now completed it is concluded that both 
the rotating knife tenderometer and the protein myoglobin (iron) 
merit further study in beef tenderness research. 

4.    Swift,   C.   E.,  and Herman,   M.   D. :   Food Technol.   13,  365,   1959 
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TABLE   1 

Linear Correlation Regression Coefficients Between Tenderness 

and Other Properties of Beef Longissimus dorsi 

Statistic 

r 

b 

St. line 

Syx 

t=a/sa + 

a±t.o5sa 

Warner- 
Bratzler 
Cooked 

Morea Tenderometer 

Raw Cooked Mn Fe Zn 
Mg/Ca 
Ratio 

-0.66** +0.43* +0.57** 

-0.15 +0.08 +0,05 

7=7.53-0. 15x 7 = 1.95+.08x y=2.89+.05x 

1.10 1.86 1.24 

2.3* 3.10** 

4.7±4.69 8.67*5.71 

-0.28     -0.48* -0.03    +0.29 

* significant at the 5% level 
** significant at the 1% level 

*** significant at the 0, 1% level 

+ for the organoleptic data,  t=3/sa   = 5. 15*** 

r for correlation coefficient 

Syx for standard error of tenderness estimated from physical and 
chemical measurement 
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TABLE   2 

A Comparison of Means for Warner-Bratzler Shear 

and Morea Tenderometer Using Raw and Cooked 

Muscle 

L. dorsi 

B.   femoris 

Warner-B rat zler* Morea Tende 
i. 

irorri ieter* 
pounds 

Cooked 

en 

Raw Raw Coc ked 

14.2 18. 7 41 29 

28.4 22. 1 18 25 

* Average from seven carcasses tested.    Both muscles were taken 
from the same animal. 

DA 19-129-AMC-2102(N) 8 
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TABLE  3 

Test Data;  Organoleptic and Physical Measurements 

BeefSampIe # 
C = U.S. Choice 
G = U.3,  Good 
S=U.S. Standard 
1C1 
1G1 
1C2 
1G2 
1C3 
1G3 
1C4 
1G4 

2C5 
2S5 
?C6 
2S6 
2C7 
2S7 
2C8 
2S8 
2C9 
2S9 

3C10 
3S10 
3C10-B. femoris 
3C11 
3S11 
3 C11 -B^ femoris 
3C12 
3S12 
3C 12-B. femoris 
3C13 
3S13 
3C 13-B. femoris 
3C14 
3S14 
3C14-B. femoris 
3C15 
3S15 
3C 15-B. femoris 
3C16 
3S16 
3C16-B. femoris 

Organoleptic 
Mean average 
value per 
judge  

5.02 
5.21 
4.17 
2.76 
3.86 
4.85 
4.44 
5.08 

6.4 
3.9 
4.7 
5.4 
7.6 
5.7 
6.8 
4.3 
6.3 
4.3 

5.91 
5.30 

4.57 
2.78 

6.18 
1.97 

5.97 
4.74 

4.85 
2.81 

3.77 
2.42 

5.54 
3. 10 

Warne r-BratzIer 
Raw Cooked 

(lbs. shear force) 

Tenderometer 
Raw Cooked 

13.8 
11.4 
12. 1 
9.3 
17.7 
15.5 
13.3 
16.9 

17.6 
23.2 
17.3 
16.8 
25 9 
24. 1 
17.9 
23.5 
17.4 
26.5 

15. 1 
17.6 
33.7 
12.6 
14.3 
31. 1 
13.8 
23.0 
24.6 
12.3 
19.4 
28.2 
14.7 
16.2 
31.0 
15.9 
18.5 
23.4 
15.2 
22.9 
27. 1 

20. 1 
13.0 
19.0 
18. 1 
19.8 
15. 1 
12.3 
16.9 

12.0 
15.0 
10.7 
22.9 
9.8 
11.6 
16.8 
17.4 
13.8 
22. 1 

14.8 
16.0 
19.5 
15.0 
17.5 
19.3 
15.2 
36.8 
22.3 
17.7 
18. 1 
20.2 
24.0 
20.9 
21.5 
21.8 
22.4 
19.8 
22.5 
29.8 
32.3 

(Integral area in cm. ) 

53        ~- 
61 
60 
60.0 
39.0 
46.0 
52.0 
33.0 

40.0 
39.0 
42. 
23 
38 
31 
39 
34 
36 
46 

46 
34 
15 
45 
41 
25 
40 
18 
13 
38 
26 
10 
33 
33 
25 
36 
23 
16 
48 
29 
22 

38.0 
44.0 
48 
30 
103 
60 
32 
64 
57 
35 

44 
38 
40 
38 
36 
33 
40 
18 
36 
35 
35 
22 
21 
27 
24 
29 
27 
28 
38 
23 
28 

DA 19-129-AMC-2102(N) 
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TABLE  4 

Test Data: Proximate Analysis and Phot iphate Determinations 

Beef Sample # Inorganic ATP Total 
C = U.S.  Choice Percent Percent Phosphate (as Pin Phosphorus 
G=U.S.  Good Percent Nitrogen Ash (as Pin PPM PPM (PPM 
S=U.S. Standard Moisture (dry wt.) idrywl.) wet weight) wet wt.) dry weight) 
1C1 69.6 13.31 580 660 7,090 
1G1 72.0 9.79 660 540 7,200 
1C2 70.4 11.26 3.20 950 220 6,900 
102 72.8 11.62 5.00 1,280 30 8,300 
103 74.0 13.67 8.10 980 120 11,200 
103 74.4 12.13 7.20 900 800 10.900 
104 73.8 11.40 8.80 980 120 12,100 
104 75.2 14.10 5.20 850 300 11,850 

205 72.0 11.23 3.50 760 270 11,400 
2S5 73.8 11.09 4.20 980 280 13,150 
206 73.0 12.58 4.60 670 740 13,800 
2S6 73.0 11.50 4.00 790 270 15,950 
207 70.5 10.09 2.23 720 460 4,310 
2S7 76.0 13.64 3.50 850 800 8,710 
208 72.8 14.24 5.00 1,150 300 10,210 
2S8 74.5 13.46 4.40 800 330 14,600 
209 72.8 12,69 4.40 700 420 14,200 
2S9 74.0 13.64 3.80 650 300 12,390 

3010 74.8 9.71 4.10 22,600 
3S10 72.9 9.90 5.90 32,600 
3O10-B. femoris 72.5 8.43 4.00 16,950 
3011 74.2 11.77 5.50 11,000 
3S11 72.5 5.1 7,910 
3011-B.femoris 71.6 9.44 5.8 13,500 
3012 73.0 8.87 4.2 14,600 
3S12 74.6 4.6 14,900 
3012-B. femoris 70.8 10.69 4.2 9.720 
3013 73.2 10.68 3.70 5,620 
3S13 75.4 11.44 4.30 8,690 
3013-B. femoris 71.7 9.55 4.00 10,000 
3014 73.4 12.39 3.90 19,400 
3S14 74.6 9.72 4. 10 9.390 
3014-B,femoris 72.5 
3015 73.8 12.88 3.40 11,950 
3S15 72.9 14.01 4.30 17,900 
3015-B. femoris 75.0 14.98 3.60 12,205 
3016 70.5 12.91 4.33 6,810 
3S16 72.5 13.03 4.13 8,680 
3016-B. femoris 71.7 9.86 4.58 11.400 

DA 19-129-AMC-2102(N) 10 
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TABLE  5 

Tej st Data: Spectrog raphic Eleme ntal Ana lysis (PPM D ry Weig ht) 

Beef Sa mple | 
C = U. S. Choice 
G = U. S. Good 
S = U. LJ Standard B Si Al Mn Fe Ca Ni Mo Cu 

1C1 <1.0 15.2 2.3 0.22 140 185 0. 16 0.29 1.3 
1G1 <1.0 12.3 2.2 0. 10 107 128 <  .10 0. 16 1.2 
1C2 0.34 <10,0 1.6 <  .10 71 133 0.66 0. 15 1.6 
1G2 0.35 <10.0 2.1 0.21 123 197 0.54 0. 17 2.0 
1C3 0.36 10.0 4.0 0.24 164 2 62 0.11 0. 17 2.0 
103 0.37 9.8 3.7 0. 14 90 154 0.19 0.20 1.4 
1C4 0.83 16.8 34.5 0.41 234 284 0.88 0.42 <1.0 
1G4 0.54 <10.0 2.4 0.20 122 215 0. 18 0.30 1.1 

2C5 >1.0 71.2 27.3 0.22 91.8 152 0.80 0.90 1.60 
2S5 >1.Ü 9.0 9.8 0. 13 71.0 151 0.22 0.37 1.10 
2C6 >1.0 19.2 16.6 0.15 93.1 137 0.54 0.39 1.60 
2S6 >1.0 13.4 12.7 0. 13 95.2 196 0.62 0.33 1.60 
2C7 >1.0 12.2 15.0 >  .10 31.0 100 0.68 0.46 >1.0 
2S7 >1.0 15.6 21.7 0.16 60.0 130 0.63 0.41 1.3 
2C8 >1.0 10.0 14.3 0.19 99.0 119 0.68 0.57 1.1 
2S8 >2.0 63.9 18.4 0.25 106 130 0.63 0.73 1.50 
2C9 >1.0 37.8 68.2 0.28 157 144 1.0 0.55 1.70 
2S9 >1.0 12. 1 14.7 0.21 108 128 1.0 1.2 1.2 

3C10 >1.0 29.0 14.6 0.19 108 84 0.25 0.37 1.6 
3S10 >1.0 39.4 18. 1 0.32 144 215 0.24 0.28 2.5 
3C10 -B. , femoris >1.0 18.4 9.4 0. 16 95.1 216 >  .1 0. 15 1.1 
3C11 >1.0 40.0 20.0 0.25 163 167 1.8 1.7 1.0 
3S11 >1.0 25.5 21.0 0.36 98 155 0.84 1. 1 1.3 
3C11 -B_ femoris >1.0 27.4 19.5 0.22 165 154 0.54 0.37 2.5 
3C12 4.9 21.9 19.2 0.22 148 0. 30 0.28 0. 18 1.5 
3S12 >1.0 18.6 20.6 0.26 330 208 0.72 0.83 1.7 
3C12 -B. , femoris >1.0 28.6 11.2 0. 14 117 158 0.19 0.24 1.0 
3C13 >1.0 16.4 2.3 0.14 60 120 0.67 0.50 1.1 
3SI3 >1.0 11.0 10. 1 0. 12 130 136 1,30 0.39 1.5 
3C13 -B femoris >1.0 24.0 15.4 0.35 149 209 0.36 0.58 1.5 
3C14 >1.0 23.6 16.6 0.26 108 166 0.41 0.26 4.0 
3S14 >1.0 16.4 18.2 0.19 81 145 0.42 0.33 1.1 
3C14. -B. , femoris 
3C15 >1.0 38.6 14.0 0.13 113 126 0.24. 0.40 1.1 
3S15 >1.0 21. 1 12.0 0. 13 161 123 0. 18 0.24 1.5 
3C15. -B. femoris >1.0 21.6 13.0 0. 14 126 140 0. 17 0.24 1.5 
3C16 >1.0 97.0 15.3 0.34 39.6 114 0.24 0.24 1.0 
3S16 >1.0 19.0 11.4 0.97 121 122 0. 12 0.22 1.3 
3C16- -B. femoris >1.0 29.5 21.4 0.33 214 176 0.40 0.43 2.4 
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TABLE   5  (continued) 

Test Data;  Spectrographic Elemental Analysis (PPM Dry Weight) 

Beef Sample # 
C = U.S.  Choice 
G=U.S.   Good 
S = U.S. Standard      Na        _M£ Zn Co K Cr Pb Sn 

1C1 3220 1100 107 0.22 13600 1.0 0.30 0. 18 0.83 
1G1 2210 950 108 0. 19 9500 1.0 0.28 <   . 10 2.9 
1C2 1710 635 84.0 0.21 7610 1.0 0.27 0. 16 0.31 
1G2 2 640 1220 HI 0.23 14400 2. 1 0.31 0.33 1.0 
1C3 4155 1395 144 0.20 19900 <1.0 0.35 <   .10 1.5 
1G3 2220 1120 112 0.26 14500 <10.0 0.71 0.30 1.0 
1C4 4115 1850 105 0.67 22800 <1.0 1.2 1.2 3.8 
1G4 3680 1420 85 0.31 19800 <1.0 0.48 0.33 0.58 

2C5 2245 1125 118 1.0 6410 >1.0 0.56 0.60 0.56 
2S5 2415 1145 95 0.24 5945 >1.0 0.33 0.22 0,37 
2C6 1935 1020 106 0.41 ■ 5260 >1.0 0.59 0.35 0.71 
2S6 3220 1365 147 0.37 110610 >1.0 0.46 0,56 0.82 
2C7 980 670 40 0.72 2905 1.7 >  .10 >  .10 0.41 
2S7 1370 901 98 0.61 4915 1.9 >  . 10 >  .10 0.4' 
2C8 1410 905 98 0.81 4115 >   . 10 >  .10 0.80 1.6U 
2S8 2610 1210 124 1.3 7200 >  . 10 >  .10 0.96 3.10 
2C9 3360 1440 208 1.5 10610 4.5 >  .10 = :    1.5 2. 10 
2S9 2110 1115 224 2.6 5760 >   .1 >  .1 1.4 1.20 

3C10 1835 665 258 0.29 7600 >  .1 >  .1 >  .1 0.43 
3S10 2720 1390 227 0.28 9920 >  .1 >  .1 >  .1 0.79 
3C10-B. femoris 1718 440 82.2 0.16 6080 >  .1 >  .1 >  .1 0.61 
3C11 1675 629 164 0.52 9600 >1.0 1.8 >1.0 3.8 
3S11 1860 520 121 0.39 89CC >  .10 >  .10 >   .10 1.0 
3C11-B. femoris 1600 630 137 0.85 8100 >   . 10 0.71 >   . 10 0.78 
3C12 2 890 555 143 0.39 16000 >   . 10 >  .1 >   . 10 0.55 
3S12 
3C12-B. 

2 160 850 205 1.2 13600 >   . 10 >  . 10 >   . 10 1.2 
femoris 1380 440 106 0.45 5460 >   . 10 >  . 10 >  .10 0.70 

3C13 1080 315 68 1.00 2700 >   . 10 2.4 >  .10: >1.0 
3S13 1800 515 109 0.93 7410 >  . 10 4.2 >  . 10: >  .10 
3C13-B. femoris 2150 651 72 0.47 7800 >   . 10 4.9 >  . 10: >   .10 
3C14 1915 1206 114 .47 10900 >   .10 >  .10 >  . 10 0.79 
3S14 1640 965 96 .68 8400 >   .10 >  .10 >  .10 1.4 
3C14-B. femoris 
3C15 2005 905 90 .34 7775 >   . 10 >  .10 >  . 10 1.8 
3S15 1810 960 85 .32 8110 >   . 10 >  .10 >  . 10 3.4 
3C15-B. femoris 1975 651 89 .41 7100 >   . 10 >  . 10 >   . 10 .37 
3C16 910 293 47.6 .25 3600 >   . 10 0.55 >  .10 1.1 
3S16 1235 392 72 .20 4200 >   .10 >  . 10 >  .10 15.6 
3C16-B. femoris 1598 680 70 .40 6280 >   .10 >  .10 >  . 10 1.2 
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